Attention is drawn to the observation that in many correlated systems (e.g.
is obviously independent of volume or pressure. It was unclear, however, whether special significance should be attached to this finding [2, 3] . Recently, Georges and Krauth [4] observed the same conspicuous crossing phenomenon in quite a different system, namely in the paramagnetic phase of the Hubbard model, the simplest model of correlated electrons, in infinite dimensions. For small to intermediate values of the local interaction U the specific heat curves C(T, U), calculated by iterated perturbation theory, were found to intersect almost at the same temperature T + ≃ 0.59t * , where t * is the scaled hopping amplitude of the electrons (Fig. 2) . Clearly the existence of these peculiar points of intersection calls for an explanation.
In this Letter we illustrate that crossing points such as the ones described above can actually be observed in the specific heat of many correlated systems. Furthermore, we explain the origin of this phenomenon.
To be able to discuss the problem in a sufficiently general frame work we define a general free energy Φ(T, X), where X can be any thermodynamic variable, e.g. pressure (P ), 
A search of the literature reveals that there exists quite a number of systems, both in theory and experiment, where the specific heat curves C(T, X) = T ∂S(T, X)/∂T versus T when plotted for different, not too large values of X intersect at one or even two well-defined, , and the Hubbard model in d = ∞ discussed above [4] .
To explain the origin of the crossing points we separate the problem into two questions:
(i) Why do specific heat curves cross at all?, and (ii) How wide is the region where the curves cross? Turning to the first question, we note that any crossing of specific heat curves
Thus crossing occurs where ξ(T, X) versus T has a turning point. In general the crossing temperature T + (X) still depends on X. Only if T + is independent of X for some range of X-values do the curves intersect at one point. Crossing of specific heat curves may be inferred from a sum rule for the change of the entropy S(T, X) with respect to X in the
1. Lattice models (X ≡ U): Eq. (3) implies η U = 0 for any kind of Hubbard model since
∂C/∂U > 0). Hence ∂C/∂U must have positive and negative contributions, i. e. the specific heat curves must cross at one or more temperatures, for the integral to vanish identically. We note that this is a genuine correlation effect originating from the existence of U 2 and higher terms in an expansion of the internal energy E(T, U), and hence of C(T, U) = ∂E/∂T , in powers of U. where
is a different ("Kondo") low-energy scale. Below T K the linear specific heat coefficient is given by γ(P ) ∝ 1/T K , where now dγ/dP < 0, and hence the specific heat decreases with pressure. This implies that the specific heat curves will cross twice: at T + , below which the low-energy (spin) excitations lead to ∂C/∂P > 0, and again at T ′ + < T K below which ∂C/∂P < 0. This is precisely what is seen in several heavy fermion systems, e.g. in CeAl 3 [6] (T ′ + ≃ 5K, T + ≃ 17K; see Fig. 3a ) and UBe 13 [7] (T ′ + ≃ 2.5K,
We now turn to the question concerning the width of the crossing region. A plot of C(T, X) versus X (see e.g. Fig. 1b for 3 He) shows that C(T, X) depends only weakly on X even for large values of X. Hence we expand C(T, X) in an (asymptotic) series in X − X 0 , with X 0 chosen at convenience,
where we used eq. (2). At
where the (relative) width of the crossing region,
determined by the numbers
with
(X)| ≪ 1 the C(T, X) curves will intersect at a well-defined point. The width is seen to be determined by the curvature (with respect to T ) of the linear (n = 1) and non-linear (n > 1) susceptibilities χ (n) (T, X) at T + and X 0 . There are two particularly relevant cases in which the ∆ (n) are small: P 0 (P ) from the linear-T behavior of the specific heat which, using eq.
we obtain ∆ (n)
(with
on the scale of Fig. 1a the crossing region is indeed essentially confined to a point. Hence it is the very weak temperature dependence of −∂V /∂P of liquid 3 He at low temperatures, i.e. the almost linear pressure dependence of the γ-factor of the specific heat, which is the origin of the sharp (but not exact) crossing of specific heat curves at T + ≃ 160mK. Similarly, for the crossing at T ′ + ≃ 5K in CeAl 3 [6] (with P 0 = 4.8 kbar, P 2 0 γ (2) (P 0 )/γ(P 0 ) ≃ 0.4) we obtain |W (P )| < ∼ 0.2 for P between 0.4 − 8.2 kbar, which again agrees with the data (Fig.   3a ).
(ii) Linear X-dependence of χ [11, 19] (Fig. 3b) . The same arguments apply to C(T, U) of the paramagnetic phase of Hubbard models [4, 14] where we now choose ξ =D(T, U) = In Hubbard models the intersection of C(T, U)/k B = f (T /t, U/t) curves is sharp only at high temperatures. At low temperatures the generation of low-energy excitations leads to a renormalized energy scale t → t eff ≪ t. Hence a perturbation expansion of E(T, U) or C(T, U) to second order in U will be valid only for a small range of U-values, implying a wide crossing region, |W (U)| ∼ 1, at low temperatures.
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